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OPERATION AND MAINTENANCE MANUAL
FOR
LOCAL PROTECTION PROJECT
BEAVER BROOK
KEENE, NEW HAMPSHIRE

FOREWORD

The successful functioning of any local flood protection project is not assured solely by
the construction of a system of dikes, floodwalls, floodgates, sluice gate structures and
other appurtenant structures. If the system is to perform the functions for which it was
designed, it must be carefully maintained during normal river stages and properly
operated during flood periods.

The purpose of this manual is to provide information regarding actual maintenance
procedures and outline the responsibilities of the parties involved. In general, the
regulations designate non-Federal interests as having responsibility for operation and
maintenance of the project. Therefore, the State of New Hampshire should assure that
several local individuals be familiar with this project and have a thorough understanding
of the recommended methods of maintaining the system.

~ The need for proper maintenance cannot be too highly stressed in view of the fact that
large damages may be incurred through operating failure of a critical element during flood
periods, caused by deterioration or damage that would have been eliminated by proper
maintenance. -

Necessary maintenance and proper operation require that responsible local persons
have a thorough understanding of the functions of the various units of the system and the
recommended methods of maintaining the system and operating it during flood
emergencies. It is the purpose of this manual to provide complete information so that all
parties may fully understand their responsibilities in maintaining and operating the flood

protection system in accordance with the regulations prescribed by the Secretary of the
Army.

The general flood control Regulations for Operation and Maintenance of Flood Control
Works quoted herein were approved by the acting Secretary of War on
August 9, 1944. Established by the Department of Defense, the improvement of rivers and
harbors and other waterways for flood control and other purposes, formerly under
jurisdiction of the Secretary of War, became the responsibility of the Secretary of the Army.
References herein to the Secretary of War and War Department shall be construed to mean,
respectively, the Secretary of the Army and the Department of the Army. Where reference
is made to the District Engineer in the Regulations included in this manual, it shall be
construed to mean the Division Engineer, New England Division, Corps of Engineers.
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SECTION I-INTRODUCTION

A. PURPOSE

- The purpose of this Manual is to present detailed information to be used as a guide in
complying with "Flood Control Regulations - Maintenance and Operation of Flood Control
Works" as approved by the Acting Secretary of War on 9 August 1944, and published in
this Manual as Appendix A.

The regulations are intended to cover all local protection projects (LPP) constructed by the
Department of the Army throughout the United States, are general in nature, and
obviously cannot give detailed instructions for the maintenance and operation of a specific
project. The details set forth in this Manual for maintenance and operation of the Beaver
Brook Project are intended to supplement the Army Regulations to ensure maximum
protection against floods for which the project was designed. Failure to maintain and
operate the project as required by the Regulations and as detailed herein can result in
property losses, loss of life and irreparable loss of confidence in the flood protection system
by the citizens who have invested their funds on the basis of the protection afforded by the
flood control works.

Included in the authorization of the project are conditions specified by the Secretary of War
to be met by local interests. One of these conditions is the operation and maintenance of
the project after its completion. Under Assurances, dated 27 August 1985, furnished to the
Government by the State of New Hampshire, the State agreed to meet these conditions, and
in particular, the operation and maintenance of the project after its completion. A copy of
the above assurances is included in Appendix B of this Manual.

B. AUTHORIZATION AND LOCATION

Construction of the local protection project at Beaver Brook was authorized by Section 205
of the 1948 Flood Control Act, as amended by Public Law 93-351 (Water Resources
Development Act of 1974), adopted 7 March 1974. Specific authority is contained in st
Endorsement dated 7 January 1975.

This project is situated in the City of Keene which is located in Cheshire County, New
Hampshire, about 42 miles west of Manchester, New Hampshire and 15 miles north of the
Massachusetts/New Hampshire State Lihe. Beaver Brook originates to the north of
Keene's city limits and drains an area of about 10 square miles. For the purpose of location
description, the Beaver Brook flood plain was divided into six reaches, numbered 1
through 6. :

Reach 1 extends from the mouth of Beaver Brook, located just east of the Ashuelot River,
upstream to the Route 101 bridge (800 feet) and includes mostly commercial and residential
properties.
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Reach 2 extends about 2,400 feet upstream from the Route 101 bridge to Marlboro Street
and is characterized by single family dwellings with a strip of commercial
developments along Marlboro Street.

Reach 3 extends from Marlboro Street upstream about 1,400 feet to the railroad bridge, and
includes the largest industrial complex in the flood plain (Kingsbury Machine Tool
Company).

Reach 4 extends from the railroad bridge upstream about 1,700 feet to Roxbury Street and
includes a mixture of commercial, industrial and residential properties, as well as some
vacant land.

Reach 5 extends from Roxbury Street upstream about 1,000 feet to Beaver Street and
includes a mixture of large single and muiti-family homes located on smaller lots.

Reach 6 extends from Beaver Street upstream about 4,000 feet to the upper limit of the
urban flood plain around Griffin Street. '

Three Mile Swamp is located 3.5 miles upstream of the Beaver Brook confluence with the
Ashuelot River.

C. DESCRIPTION OF PROJECT

Structural flood control measures along Beaver Brook in Keene, New Hampshire include a
new floodwater retarding structure at the outlet of an upstream wetland called Three Mile
Swamp. Also, channel improvements were constructed in the downtown Keene area
between Marlboro and Water Streets.

An existing breached stone dam at Three Mile Swamp was replaced by an ungated
concrete outlet structure having a stepped spillway which is designed to maintain the
existing pool during non-flood periods and utilize additional surcharge storage during a
flood event.

Associated with the new outlet structure is a concrete stilling basin and two earthen dikes
on the west bank to protect the adjacent Route 10. A 1,750-foot reach of Beaver Brook in
downtown Keene was improved to pass flood flows. The channel improvements involved
widening the channel bottom, flattening the banks, realigning the brook and installing
precast concrete paving blocks on the lower 4 feet of the bank, all of which improve the
conveyance of the brook. The channel bottom is flat with a uniform invert elevation 464.5
feet National Geodetic Vertical Datum (NGVD).

D. EFFECTIVENESS OF PROTECTION

1. General. The protective works reduces damages in the Beaver Brook floodplain by
creating additional and more effectively utilizing existing flood storage at Three Mile

Swamp; and improving flood flow characteristics of Beaver Brook through the
high-damage areas.



2. Three Mile Swamp: The new flood retarding structure at Three Mile Swamp has an
ungated, stepped concrete spillway with a non-overflow section constructed to elevation
799 feet NGVD. The stepped spillway is designed to maintain the existing pool elevation
during non-flood periods and utilize additional surcharge storage during a rise to elevation
797 feet NGVD for a duration of less than 48 hours. The standard project flood (SPF) was
adopted as the spillway design flood.

In order to maintain control of floodwaters at the outlet, an earthen dike was constructed
along the west bank of the wetland to prevent overflows on Route 10, which parallels the
bank. Placement of the outlet structure also involved the construction of a stilling basin
downstream of the concrete spillway and tapering of the channel width from the 200-foot
spillway width to the existing channel width downstream.

3. Channel Improvements. The channel improvements for Beaver Brook in downtown
Keene involved widening the channel and banks to obtain an even slope and width
throughout the 1,750-foot long reach whenever possible. The channel width varies from 17
to 26 feet with sides sloped to 1 vertical to 2 horizontal and lined with precast concrete
paving blocks to a vertical height of 4 feet above the invert. Within 50 feet of any bridges,
the channel side slopes were lined with paving blocks to the top of the banks. Grasses were
planted on the upper bank for stabilization. Two bridge abutments were constructed along
with two precast modular retaining walls. The railroad bridge decks and railroad
abutments were removed. The channel improvements were designed for a streamflow of
about 600 cubic feet per second (cfs) which conforms to other unimproved sections of the
overall channel. These improvements provide stage reductions principally for the 10-year
to 20-year frequency floods.

E. CONSTRUCTION HISTORY

The construction of the Beaver Brook local protection project was initiated in October 1985
and completed in June 1987 by Bridge Construction Company of Augusta, Maine. The
Federal cost of the project was approximately $ 1,900,000.

F. PLANS

Plans pertinent to the operation and maintenance of the project are included for reference
in Appendix F in this Manual. The original drawings, corrected to indicate "as-built"
construction, have been forwarded to the City of Keene for their retention.

G. LOCAL COOPERATION

The authorizing legislation for the Beaver Brook Local Protection Project was Section 205 of
the Flood Control Act of 30 June 1948 (Public Law 858, 80th Congress). As required under
this authority, the legally empowered local sponsor (State of New Hampshire) provided .
the following assurances of local cooperation.



1. Provide without cost to the United States, all lands, easements, rights-of-way, and
utility relocations necessary for project construction.

2. Hold and save the United States free from damages due to the construction,
operation and maintenance of the project, except where such damages are due to the
fault or negligence of the United States or its contractors.

3. Maintain and operate the project after completion without cost to the United
States in accordance with regulations prescribed by the Secretary of the Army.

4. Assume the responsibility for all costs in excess of the Federal cost limitation of
$4,000,000.

5. Prevent future encroachment which might interfere with proper functioning of
the project.

6. Comply with Title VI of the Civil Rights Act of 1964 (78th Stat. 241) and
Department of Defense directive 5500.11 issued pursuant to and published in Part
300 of Title 32, Code of Federal Regulations.

7. Comply with requirements of non-Federal cooperation specified in Sections 210
and 205 of Public Law 91-646 approved 2 January 1971, entitled: Uniform
* Relocation Assistance and Real Property Acquisition Policies Act of 1970.

The formal assurances of the State of New Hampshire are contained in Appendix B of this
Manual.

H. GENERAL RULES AND REGULATIONS

Paragraph 208.10 (a} of the regulations prescribed by the Secretary of War gives general
rules for the maintenance and operation of structures and facilities constructed by the
United States for local flood protection. Applicable portions are quoted below to avoid the
necessity for cross reference and are further defined by remarks under each quotation.

"(1) The structures and facilities constructed by the United States for local
flood protection shall be continuously maintained in such a manner and
operated at such times and for such periods as may be necessary to obtain the
maximum benefits."

These requirements cannot be overstressed. City authorities must make adequate
provisions for funds, personnel, equipment and materials to allow for the proper
maintenance and operation of the flood protective works.

"(2) Unless reciprocal agreements have been made with other entities, the
State, political subdivision thereof, or other responsible local agency, which
furnished assurance that it will maintain and operate flood control works in



accordance with regulations prescribed by the Secretary of War, as required
by law, shall appoint a permanent committee consisting of or headed by an
official hereinafter called the 'Superintendent’, who shall be responsible for
the developmient and maintenance of, and directly in charge of, an
organization responsible for the efficient operation and maintenance of all of
the structures and facilities during flood periods and for continuous
inspection and maintenance of the project works during the periods of low
water, all without cost to the United States.”

The committee shall be composed of competent members, preferably persons experienced
in engineering or construction works of a similiar nature to the flood protection works.
The committee must be given broad authority to carry out its responsibilities. The name,
address, and office and home telephone numbers of the Superintendent, and any changes
thereof, shall be furnished to the Division Engineer.

"(3) A reserve supply of materials needed during a flood emergency shall be
kept on hand at all imes."

Sufficient sand bags and sand should be held in reserve to close off Route 10 during
extreme flood periods and in case it is necessary to stop leaks through the dikes and to
control sand boils and seepage on the protected side of the dikes.

"(4) No encroachment or trespass which will adversely affect the efficient
operation or maintenance of the project works shall be permitted upon the
rights-of-way for the protective facilities.”

The disposal of rubbish, erection of fences, or barriers, the painting or erection of signs, the
attachment of clothes lines to flood walls, or any form of trespassmg on the project shall be
prohibited.

"(5) No improvement shall be passed over, under, or through the walls,
dikes, improved channels or floodways, nor shall any excavation or
construction be permitted within the limits of the project rights-of-way, nor
shall any changes be made in any feature of the works without prior
determination by the Division Engineer or his authorized representatives that
such improvement, excavation, construction or alteration will not adversely
affect the functioning of the protective facilities. Such improvements or
alterations as may be found to be desirable and permissible under the above
determination shall be constructed in accordance with standard engineering
practice. Advice regarding the effect of proposed improvements or
alterations on the functioning of the project and iriformation concerning
methods of construction acceptable under standard engineering practice shail
be obtained from the Division Engineer or, if otherwise obtained, shall be
submitted for his approval. Drawings or prints showing such improvements
or alterations as finally constructed shall be furnished to the Division
Engineer after completetion of the work."



Any contemplated improvements or alterations as outlined above must be submitted to the
Corps of Engineers, Waltham, Massachusetts, and the approval of the Division Engineer
obtained prior to the City authorizing the work. All requests for approval shall be in
writing and complete drawings in duplicate, one set of which shall be in reproducible
form, must be submitted along with a full description of the work intended. The City will
be held responsible for obtaining prior approval from the Corps of Engineers for any
improvements or alterations proposed by itself, private parties or any public parties. The
City shall furnish the Division Engineer as-bulit drawings, in duplicate, of the completed
work.

"(6) It shall be the duty of the Superintendent to submit a semi-annual report
to the Division Engineer covering inspection, maintenance and operation of
the protective works."

See paragraph I-K of this Manual for instruction on submitting reports.

"(7) The Division Engineer or his authorized representatives shall have access at all
times to all portions of the protective works. The Division Engineer or his
representatives will make periodic inspections of the protective works to determine
if the project is being properly maintained and operated by the City. Follow-up
inspections when necessary, will be made to determine if deficiencies observed
during the inspection have been corrected. A report with the results of each

" inspection will be furnished to the City for appropriate action.”

“(8) Maintenance measures or repalrs which the Division Engineer deems necessary
shall be promptly taken or made.”

The City should maintain the facilities and keep them in good repair and not wait for the
Division Engineer to call such matters to its attention. Upon request, the Division Office
will advise the City how to make any major repairs to the facilities.

"(9) Appropriate measures shall be taken by local authorities to ensure that the
activities of all local organizations operating public or private facilities connected
with the protective works are coordinated with those of the Superintendent's
organization during flood periods.”

The local authorities should formulate plans and negotiate agreements with local
organizations and companies, who are operating facilities connected with the protective
works, to ensure that their activities will be properly coordinated with the Superintendent's
organization during flood periods.

"(10) The Corps of Engineers with this document has furnished local interests with
an Operation and Maintenance Manual for the completed project to assist them in
carrying out their obligations under these regulations.”

The flood control committee should familiarize itself with the contents of this manual.
Local authorities are encouraged to call on the Division Office of the Corps of Engineers for
any additional advice or instructions required by them in carrying out the City's
obligations for maintaining and operating the flood protection facilities.



I. MAINTENANCE

The word "maintenance” as used in this manual applies to the upkeep, repair and care of
the work constructed by the United States and turned over to the City of Keene, New
Hampshire. If the work is neglected there will be deterioration and possible failure in flood
time when there is dire need of dependable protection.

Satisfactory and dependable operation depends on constant maintenance. The
organijzation that performs maintenance must be familiar with various parts of the
system and will be in a position to use them effectively in time of stress.

Maintenance includes regular inspection of the entire system. The purpose of an inspection
is to detect any deterioration or faulty operation that indicates a need for repair or
replacement. It should include several walking tours over every part of the system during
the course of a year.

J. OPERATION

Operation in this manual refers to the actual use of the various features of the protection
-works during flood periods. It is intended that the procedure outlined herein under
Appendix B will be sufficient to ensure protection from floods to the design stage.
However, advice relative to operation may be obtained at any time from the Operation
Division (Tel: (617) 647-8411) of the New England Division Office.

Representatwes of the Division Engmeer stand ready to assist in the operatlon of the

project. However, this in no way lessens the responsibility of the City in operating the
pro]ect

When abnormal river flows and stages are expected, it is important that the Superintendent
make immediate decisions and take prompt action and that he have the authority to carry
out his decisions.

To ensure correct operation, it is essential that at least two persons: (1) be familiar with all
phases of the flood protection works; (2) know just what supplies and transport are on

hand; and (3) know what persons and tools can be mobilized for the patrolling and repair
work.

It will be to the advantage of the local authorities to negotiate agreements with private
owners and companies o operate and maintain project features that are directly related to
facilities and property of those parties. However, the Corps of Engineers will look to the
City for maintenance and operation of the project since the City of Keene executed
reciprocal assurances of local cooperation with the State of New Hampshire.



K. INSPECTION AND REPORTS

The regulations prescribed by the Secretary of the Army call for semi-annual reports to be
submitted by the Superintendent to the Division Engineer, covering inspection and
maintenance. Inspection of the flood protective facilities shall be made immediately prior
to flood seasons, immediately following floods, and otherwise at intervals not exceeding 90
days as required by the regulations.

To assist the Superintendent in making his inspections and reports, sample check list forms
including blank NED Form 513 have been prepared and included in Appendix C. The
Superintendent shall have additional copies printed for use in submitting his reports.

The semi-annual reports shall be submitted in triplicate to the Division Engineer, ATTN:
Operations Branch, Operations Division, each April and October. The reports will be
submitted in letter form with copies of the inspection forms covering the inspections made
during the period of the report. The reports shall cover the following points:

* A description of the maintenance work.

¢ The number and classification of persons working on maintenance regularly and
" intermittently.

* Description of any work performed by contract on the repair or improvement of the
" project. :

¢ Description of use or operation of the system during the period being reported.
* Suggestions relative to public cooperation and comments concerning public

sentiment on the protection obtained are considered pertinent and desirable data for
inclusion in the project, but such data are not required.



II. CHANNEL IMPROVEMENT

A. DESCRIPTION

Channel modification of Beaver Brook in the 1,750-foot reach between Marlboro and Water
Streets included construction of the retaining walls and a trapezoidal channel with an
average depth of 7 feet and a bottomn width varying from 17 to 26 feet. The lower 4 feet of
the channel, which slopes at 1 vertical and 2 horizontal, were protected with precast
concrete paving blocks and the upper 3 feet were seeded with flood tolerant grasses where
ever existing walls do not exist. The bottom of the channel is unlined and is flat. Within 50

feet of all bridges, the slopes were lined with precast concrete paving blocks to the top of
the banks.

B. MAINTENANCE

Paragraph 208.10(g)(1) of the prescribed regulations sets forth rules for the maintenance of
channels and floodways. These rules are quoted below, followed by brief comments on the
particular applicability of these rules to the project.

"Channels and Floodways

(1) Maintenance. Periodic inspections of improved channels and floodways shall be
made by the Superintendent to be certain that:

(i) The channel or floodway is clear of debris, weeds, and wild growth."

All debris and growth which tend to restrict the channel shall be removed
promptly.

"(ii) The channel or floodway is not being restricted by the depositing of waste
materials, building of unauthorized structures or other encroachments.”

Dumping of waste materials or any types of encroachment on the channel shall be

prohibited and prompt steps shall be taken to remove or have removed any such
encroachments.

"(iii) The capacity of the channel or floodway is not being reduced by the
formation of shoals

Shoal areas should be removed but care should be exercised that the slopes of the channel
and existing banks are not undercut. Existence of shoal areas will be apparent from
inspections during time of low flow.



“(iv) Banks are not being damaged by rain or wave wash, and that no sloughing
of banks has occurred.”

Banks damaged by rain, wave wash, or sloughing shall be repaired promptly, using
bankrun gravel and precast concrete paving blocks similar to that used in the original
construction. Banks should be inspected to determine if they are being damaged or eroded
by natural forces or by forces such as vehicles or by vandals.

"(v}) Approach and egress channels adjacent to the;impx"oved channel or
floodway are sufficiently clear of obstructions and debris to permit proper
functioning of the project works."

In order for this project to function properly and as designed, the improved channel
sections between the outlet structure and the mouth of Beaver Brook must be maintained
in such condition that they are capable of carrying flood flows and will not cause Beaver
Brook to back-up, thus nullifying the effect of the improved channel sections.

"Such inspection shall be made prior to the beginning of the flood season and
otherwise at intervals not to exceed 90 days. Immediate steps will be taken to
remedy any adverse conditions disclosed by such inspections. Measures will be
taken by the Superintendent to promote the growth of grass on the bank slopes

. and...dikes. The Superintendent shall provide for periodic repair and cleaning of
debris...as may be necessary.”

Maintenance should also include the inspection, maintenance, and repair or replacement of
the chainlink fencing, guard rails, concrete bridge abutments, concrete retaining walls, and
precast concrete paving blocks.

C. OPERATION

Paragraph 208.10(g)(2) of the prescribed regulations gives rules for operation of channels
and floodways. These rules which are quoted below are self-explanatory and require no
amplification with regard to the project.

"(2) Operation. Both banks of the channels shall be patrolled during periods of high water,
and measures shall be taken to protect those reaches being attacked by the current or by
wave wash. Appropriate measures shall be taken to prevent the formation of jams of ice or
debris. Large objects which become lodged against the banks, bridge abutments and
culverts shall be removed. The improved channel or floodway shall be thoroughly
inspected immediately following each major high water period. As soon as practicable
thereafter, all snags and other debris shall be removed and all damage to banks...dikes and
walls, drainage outlets, or other flood control structures repaired.”

10



III. DIKES

A. DESCRIPTION

Two dikes were built one parallel to and the other perpendicular to Route 10, to divert and
contain Standard Project Flood (SPF) levels at Three Mile Swamp.

(1) Dike A, which is parallel to Route 10, is approximately 1,100 feet long and varies in
height from 7 feet at the dam to 2 feet about 1,100 feet upstream of the dam. The top of the
dike is 12 feet wide at elevation 799 feet NGVD providing 2 feet of freeboard above the SPF
pool elevation of 797 feet NGVD. The side slopes are 1 vertical on 2 horizontal. The dike is
constructed of compacted gravel and impervious fill. On the wetland side of the dike, the
slope is protected by a 2-foot thick layer of stone protection placed on 1-foot layer of gravel
bedding, while the landside slope of the dike is topsoiled and seeded.

(2) Dike B which is actually a continuation of Dike A but on the opposite side of

Route 10, is perpendicular to Route 10. Dike B has a maximum height of 8 feet with a top
elevation of 799.0 feet NGVD, and is about 185 feet long. The top is 12 feet wide with side
slopes at 1 vertical on 2.5 horizontal. The dike is constructed of compacted random fill and
dumped gravel fill and is covered with a 6 inch layer of topsocil and seeded to prevent
erosion.

B. MAINTENANCE

Paragraph 208.10(b)(1) of the prescribed regulations sets forth rules for the maintenance of
levees (earthen dikes) and dams. Applicable portions are quoted below:

"Dikes. (1) Maintenance. The Superintendent shall provide at all times such
maintenance as may be required to insure serviceability of the structures in time of
flood. Measures shall be taken to provide the growth of sod, to exterminate
burrowing animals, and to provide for routine mowing of the grass and weeds,
removal of wild growth and drift deposits, and repair of damage caused by erosion
or other forces. Periodic inspections shall be made by the Superintendent to insure
that the above maintenance measures are being effectively carried out and, further,
to be certain that:

'(a) No unusual settlement, sloughing or material loss of grade or levee cross section
has taken place;

(b) No caving has occurred on either side of the levee which might affect the
stability of the levee section;

(c) No seepage, saturated areas, or sand boils are occurring;

(d) No action is being taken, such as burning grass and weeds during inappropriate
seasons, which will retard or destroy the growth of sod.’

11



Such inspections shall be made immediately prior to the beginning of the flood season;
immediately following each major high water period, and otherwise at intervals not
exceeding 90 days; and such intermediate times as may be necessary to insure the best
possible care of the levee. Immediate steps will be taken to correct dangerous conditions
disclosed by such inspections. Regular maintenance repair measures shall be accompllshed
during the appropriate season as scheduled by the Superintendent.”

Any unusual settlement, sloughing or caving should be corrected to restore the original
dike grades. No major repair work shall be made without prior approval of the Division
Engineer, in order that such repairs that may be necessary will not adversely affect the
functioning of the protective facilities.

The slopes of dikes, and portions of the slopes of the outlet structure abutments were
topsoiled and seeded to minimize the damage from erosion and scour caused by surface
runoff. Maintenance of a sturdy sod growth on these embankments is highly important as
sod is one of the most cost effective means of protecting the levee against erosion. Periodic
mowing is essential to maintaining a good sod growth, and should be done at such
intervals as necessary to keep down weeds and other noxious growth and to prevent the
grass height from exceeding 12 inches.

When sections of the dikes or outlet structure require reestablishment of turf, seeding
operations should be started at the earliest practicable date in the spring to secure the
greatest possible protectlon against erosion. Areas requiring seeding shall be dressed to fill
gullies and irregularities in the surface. The following seed mixture was used in the
original construction: '

TABLE 1
GRASS SEED

% BY WEIGHT GERMINATION PURITY
KIND OF SEED PROPORTION MINIMUM % MINIMUM %
Red Fescue 30% 80% 87%
Chewings Fescue 30% 80% 97%
Kentucky Bluegrsss 30% 80% 85%
Perenial Ryegrass 10% 90% 98%

C. EMERGENCY REPAIR MEASURES
1. Scours:

Careful watch of the dike for indication of scouring should be emphasized. If any
indication of scouring is observed, soundings should be taken to observe the amount and
progress of the scour. Sandbagging or dumped rock will generally afford the most
practicable means of combating this condition. The open ends of sandbags so used must be
sewed or tied after filling.
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2. Sand Boils:

a. General. A sand boil is the result of a transfer of pressure head and seepage from the
river, through a pervious stratum near or at the surface, to the landside of the dike.

This seepage underpressure tends to push its way to the surface and actually floats the
material through which it flows. No harmful effect results, provided the weight of the
relatively impervious soil layer overlying the pervious stratum, in which the flow under
pressure is occurring, is sufficient to counterbalance this pressure. When the soil stream
overlying the pervious layer is insufficient to counterbalance the upward pressure or when
no such stratum exists, boils break through the surface on the landside wherever these
weaknesses are present. The sand boil may discharge relatively clear water or the
discharge may contain quantities of sand and silt, depending upon the magnitude of the
pressure and the size of the boil.

b. Effects of Sand Boils. Sand boils can produce three distinctly different effects on the
levee, depending upon the condition of flow under the levee. These three effects are
illustrated in Appendix E. In Figure 1, Plate No. I, the seepage flow develops a definite
pipe or tube under the levee. This breaks out at the landside toe in the form of one or more
large sand boils. Unless checked, this flow causes a cavern to be developed under the
levee, resulting in subsidence of the levee and subsequent overtopping. This case can be
most easily recognized by slumping of the levee crown. Figure 2, Plate No. I of Appendix
E, illustrates the case where seepage flows under pressure under the levee without
following a defined path, as in the case above. This flow results in one or more boils
outcropping at or near the landside toe. The flow from these boils tends to undercut and
ravel the slope, resulting in sloughing of the slope. Evidence of this type of failure is found
in undercutting and ravelling at the landside toe. Figure 3, Plate

No. I of Appendix E, shows a third type of effect of a sand boil. In this case, numerous .
smali boils, many.of which are scarcely noticeable, outcrop at or near the toe. While no boil
may appear to be dangerous in itself, the consequence of the group of boils is to cause
floatation of the soil, thereby reducing the shearing strength of the material at the toe,
where maximum shearing stress occurs, to such an extent that failure of the slope through
sliding results.

¢. General Instructions for Handling Sand Boils. All sand boils shall be watched closely. A
sand boil which discharges clear water in a steady flow is usually not dangerous to the
safety of the dike. However, if the flow of water increases and the sand boil begins to
discharge material, corrective action shall be taken immediately.

d. Method of Treai‘inent.

(1) The accepted method of treating sand boils is to construct a ring of sandbags around
the boil, building up a head of water within the ring sufficient to prevent further
movement of sand and silt. The accepted method of ringing a sand boil, shown on Plate
No. Il of Appendix E is as follows:

(a) The entire base of the sack ring is cleared of debris in order to provide a
watertight bond between the natural ground and the sack ring.
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(b) The sacks are then laid in a ring around the boil, with joints staggered, and with
loose earth between all sacks.

(c) The ring is carried only to a height sufficient to prevent material fromn being
discharged. The ring should not entirely stop the flow of water, because of the
probability of the excessive local pressure head causing additional ruptures of
impervious strats and bails nearby.

(d) A"V"shaped drain constructed of two boards, or a piece of sheet nietal, is then
placed near the top of the ring to carry off water.

(2) Actual conditions at each sand boil will determine the exact dimensions of the ring,.
The diameter and height of the ring depend upon the size of the boil, and the flow of water
from it. In general, the following considerations should govern:

(2) The base width should be no less than 1-1/2 times the contemplated height.

(b) It is well to include weak ground near the boil within the ring, thereby
preventing a break-through later.

(c) The ring should be of sufficient size to permit sacking operations to keep ahead
 of the flow of water.

(3) Where many boils are found to exist in a given area, a ring levee of sandbags shall be
constructed around{ the entire area and, if necessary, water pumped into the area to provide
sufficient weight to counterbalance the upward pressure.

3. Sloughs:

During prolonged high water stages, seeping and sloughing conditions on the landside
slopes may occur. Such conditions should be observed closely as to progress of seepage up
the landside slope and the amount of material that is being carried by seepage. If the seep
velocity becomes great enough to cause, or probably cause, erosion or sloughing of the
slope, a sandbag covering should be placed on the seeping area, beginning well out from
the toe and progressing up slope. The covering should extend several feet beyond the
saturated area. If the material is obtainable, the affected area should be covered with
brush, straw or similar permeable material to a depth of two to four inches before placing
the sandbag cover. This will permit the seep water to get away while serving as a filter to
prevent loss of earth from the dike. After the covering is placed, close observation should
be maintained and additional layers of sandbags placed on the previous ones until the
velocity of the seepage is reduced to a point at which the amount of material carried is
negligible. Sacking sloughs is illustrated on Plate No. IIT of Appendix E.

4. Raising Existing Earth Dikes:

In an emergency, time and other conditions permitting, the grade of a dike can be safely
raised three feet. The methods most commonly used are outlined in the following:
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a. Sandbag Topping. The sack ordinarily used for topping an earth dike shall be a grain or
feed type sack (in lieu of canvas or sisal-craft type) which holds 100 pounds of grain.
Smaller sacks may be used if feed sacks are not available. Grain sacks, filled with about
one cubic foot of earth, weighing about 100 pounds, will provide a unit about six inches
high, one-foot wide and two feet in length.

The sacks may be filled at the source of material and hauled to the dike or filled from
stockpile or borrow areas at the dike, conditions determining the method employed. The
same is true of filling; ie. whether power or hand methods are used.

The open end of the sacks should always face upstream or toward the riverside of the dike
and need not be sewed or tied. When the sack faces the river the loose end should be
folded under and when facing upstream the loose end covered by the succeeding sack.

The front line of sandbags in the first layer should be laid parallel to the dike center line
and remaining bags at right angles to the center line. The sandbags in the second layer are
all laid at right angles to the center line, the third row similar to the first, etc., as shown on
Plate No. IV of Appendix E. All sacks should be lapped about 1/3 each way and well
mauled or tramped into place. The sacks should be filled to two-thirds their capacity when
flattened out to facilitate proper placing and prevent bursting the sack when mauled or
tramped into place.

Plate No. IV of Appendix E illustrates the progressive method of increasing the dike height
and gives an approximation of the number of sacks required for dikes of various heights.
Plate No. V of Appendix E shows pictures of model sack dike or topping.

A crew of 50 men should fill, carry and place approximately 1,000 sacks per eight-hour day,
all hand labor, when the source of material is within 150 feet of the point of placement.
Production will depend on conditions at the site, location of storage and loading areas, and
type of bag filling equipment used.

b. Lumber and Sandbag Topping. Lumber and sandbag topping is the most satisfactory
method of raising low reaches of earth dike in emergencies. The chief objection is the time
required to install. In putting on this topping, as well as any other topping, a careful line of
levels should be run and grade stakes set in advance unless the dike top follows a
dependable grade line. Two-by-four or two-by-six inch stakes should then be driven on
the river side of the crown six feet apart and one-by-twelve inch boards nailed to land side
of the stakes. This wall, backed with a single tier of sandbags, will hold out at least
one-foot of water. If the second foot is necessary, the layers of bags will have to be
increased in number and reinforced. Sandbags are laid substantially in the manner
described in paragraphs above.

c. Contingency Measures:

The outlet structure at Three Mile Swamp is a self-regulating spillway with no gateworks
that require operation during flood periods. One exception to the absence of an operation
requirement is the dike adjacent to Route 10, which provides two feet of freeboard against
the stage of the SPF. At the location where the dike intersects Route 10, the surface
elevation of the roadway is 2 feet lower than the top of the dike, representing an opening in
the freeboard range. If freeboard protection were ever required at this location, the City of

Keene would have to sandbag Route 10 to maintain control of flood flows.
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IV. STORM DRAINAGE

A. DESCRIPTION

The main storm drainage structure associated with the project is a 42-inch reinforced
concrete pipe (ClassV) located under Route 10 below the Three Mile Swamp Dam. It has a
concrete headwall and Class I pipe bedding.

An underdrain extends along the landside of the dike at Sta. 0+00 to Sta. 11+23 with an
outlet below the dam. Approximately 880 feet of RCC pipe is located on the west side of
Route 10.

Both Type I and Type II catch basins are located along each side of Route 10 and they are
situated on Class II pipe bedding.

B. MAINTENANCE

The lines and drains downstream of the cutlet structure should be adequately maintained
and any breaks or leaks promptly repaired. Where any excavations are necessary, backfills
shall be carefully and thoroughly compacted, taking care no voids or nest of cobbles or
gravel are allowed to occur. Paragraph 208.10(d)X1) of the prescribed regulations gives
rules for maintenance of drainage structures.

1. "Adequate measures shall be taken to insure that inlet and outlet channels are kept open
and that trash, drift, or debris is not allowed to accumulate near drainage structures,
including catch basins both inside and outside. Periodic inspections shall be made by
the Superintendent to be certain that:

(a) Pipes, riprap, and headwalls are in good condition;
(b) Inlet and outlet channels are open;

(c) Care is being exercised to prevent the accumulation of trash and debris near the
structures and that no fires are being built near bituminous coated pipes; and

(d) Erosion is not occurring adjacent to the structure which might endanger its
water tightness or stability.

Immediate steps will be taken to repair damage, replace missing or broken parts, or
remedy adverse conditions disclosed by such inspections."

2. All metal surfaces not otherwise protected must be kept painted to maintain the metal in
good condition. The exterior and interior metal work, such as ladders, pipe railings and
cover plates, will require frequent painting because of exposure to the weather and or to
waters. _
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V. OUTLET STRUCTURE

A. DESCRIPTION

The outlet structure at Three Mile Swamp is a concrete gravity outlet structure, 292 feet
long with a top elevation of 799 feet National Geodetic Vertical Datum (NGVD). The
self-regulating spillway has an 9-foot width at elevation 788 feet NGVD, a 40-foot width at
elevation 792 feet NGVD, and a 130-foot width at elevation 794 feet NGVD. This spillway
configuration stores runoff during flood periods and maintains the existing pond elevation
during other periods. A stilling basin was constructed at the downstream toe of the outlet
structure to dispel the energy of the spillway discharges. This stilling basin extends along
the full 200-foot width of the spillway for a distance 20 feet downstream of the toe, but is
interrupted at the first 40-foot section of weir by a 2-foot wide wall. This 40-foot wide
stilling basin is at elevation 781.0 feet NGVD, 11 feet below its weir crest elevation. The
remaining portion of the stilling basin which is 130 feet long is at elevation 785.0 feet
NGVD, 9 feet below its weir crest elevation.

The structure provides storage for 1.6 inches of runoff from the upstream drainage area of 6
square miles and reduces wetland discharges during the estimated 100-year event from
1,730 cfs to 1,170 cfs. Based on hydraulic analysis of the drainage modifying effects of the
outlet structure, it is estimated that the structure could reduce downstream river stages by
1'to 1.5 feet during a 10-year flood, with lesser stage reductions during greater flood
periods. The improvements at the outlet of Three Mile Swamp should not be viewed as a
flood control dam, because these modifications are not designed to eliminate flooding on
Beaver Brook. Instead the improvements should be viewed as measures which capitalize
on the wetlands effectiveness as a natural flood retention area.

B. MAINTENANCE
1. Qutlet Structure.

(a) Abutments. The slopes of the outlet structure abutments, protected by stone
protection, must be carefully watched for settlement or erosion. Slopes shall be kept
free of debris and vegetation.

Burrowing animals constitute a hazard to any embankment. Inspect for burrow holes and
fill them in.

(b) WingWalls. In instances where the slopes are confined by a retaining wall, it
shall be inspected monthly with inspections progressively increased to daily when
the pool level is equal to half the height of the outlet structure {elevation 793.5
NGVD). Any movement, cracks or seepages through or around the wall must be
noted, promptly reported, and corrected.
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(c) Inspection During Floods. Continually/periodically monitoring the entire Local
Protection Project for possible problems during a flood event is of great importance
to insure that the Project is fulfilling its intend purpose.

The behavior of the outlet structure during floods is of vital importance. Periods of
storage are the times of danger and, if weaknesses develop, it is essential that they be noted
and prompt corrective action taken. The Superintendent must recognize that a condition
which is of minor importance with a relatively low head may assume serious proportions
with increasing pool levels, and he must be constantly alert to note, report, and correct
even minor failures or changes in the conditions of the earth abutments. Results of a single,
careful inspection of the structure during a flood can be more significant and valuable than
a great number of equally careful inspections when the structure is not impounding water.

2. Qutlet Works and Spillway.

(a) Concrete. The concrete outlet structure is 292 feet long, with spillway widths of 9 feet
at elevation 788.0, 40 feet at elevation 792.0, and 130 feet at elevation 794.0. The total
overflow length is 184 feet. The stilling basin is constructed of concrete with a stone apron
beyond the stilling basin. The concrete siructures shall be carefully inspected at intervals of
six months and after each major filling operation. The inspection shall include a survey of
the general conditions of the concrete surfaces, noting location and extent of cracks, crazing
and spalling, and other types of deterioration or disintegration that may have developed.
Surfaces adjacent to cracks shall be inspected for differential movement; similar inspections
shall be made of construction and expansion joints. Any point or points of leakage will be
noted and the condition of all water passages inspected for evidence of erosion or
cavitation. The exposed portion of embedded items and the concrete adjacent thereto shall
be carefully inspected. Any condition requiring or suspected to require corrective action
shall be brought to the attention of the Division Engineer immediately. The inspection
shall be made a matter of record with report submitted to the Division Engineer, including
a sketch showing the location and nature of the defects.

(b) Stone Slope Protection. Stone protection shall be kept free from debris and
vegetation. Dislodged stones must be promptly replaced.

(c) Grassed Slopes. Monthly inspections shall be made of all grassed slopes and other
grassed areas to note subsidence, slides, erosion, etc. All grassed areas shall be mowed at
least once a year. On many areas it will be necessary to mow two or more times a year to
keep up the appearance and discourage the growth of weeds and brush. When necessary
to reestablish turf, the seeding operation will start at the earliest practicable
date in the spring or fall to obtain the greatest possible protection against erosion. Areas
requiring seeding shall be dressed to proper grade, and irregularities in the surface
removed. The surface should then be raked or harrowed parallel to the contour of the
slope (never up and down) to a depth of three-quarters of an inch. Debris shall always be
removed promptly; deposits are unsightly, detrimental to growth of grass and encourage
the nesting of rats and other burrowing animals.
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(d) Baffle Blocks. When the flow through the baffle blocks is at a minimum in the

summer, baffle blocks shall be inspected as required. All debris collecting at the blocks
shall be removed from the site.

(e) Stop Log Structures. The purpose of the stop log structure is to vary the elevation of
the water at the upstream side of the dam. They should be inspected periodically for
evidences of rot or breakage. Logs in a damaged or deteriorated state must be replaced to
restore full strength to the structure. The upstream side of the stop log structure shall be
kept free of all branches, brush or elements that impede the normal flow.

(f) Fences. When necessary fences will be touched-up by galvanizing.

3. Access Roads.

(a) Surfacing. Roads will be repaired periodically with the type of wearing surface with
which roads were originally constructed. The Supermtendent will be responsible for
keeping surfaces maintained.

(b) Slopes. Slopes will be kept in a well-maintained condition as outlined under 2(c).

4. Reservoir Area.

'(a) Removal of Dead and Down Timber. The reservoir area, particularly in the lower
levels, will be kept cleared of all down and dead timber.
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VI. OPERATIONS PLAN

(a) Project Operations. A considered and practiced plan of project operation and
maintenance should be in readiness at all times. Severe floods can occur at any time of the
year. However, there is usually a limited period of warning in which to mobilize men and
equipment for serious flood conditions.

(b) Cooperation. Representatives of the Division Engineer stand ready to assist the City in
the operation of the project. This in no way lessens the responsibility of the City of Keene
in operating the project.

VII. DRAWINGS AND SPECIFICATIONS

A full sized set of plans showing the project as actually constructed will be furnished to the
City of Keene at the time of completion and transmittal of this manual; reduced prints of
these drawings pertinent to the operations and maintenance of the project are included for
reference in Appendix F.
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APPENDIX A

REGULATIONS PRESCRIBED BY THE
SECRETARY OF THE ARMY



TITLE 33—NAVIGATION AND
NAVIGABLE WATERS

Chapter 11—Corpe of Engineers, War
Department

Paar 2080—Proop ContRol REQULATIONS

MAINTENANCE AND OPERATION OF FLOOB
CONTROL WOAKE

Pursuant to the provisions of sectivh 3
of the Act of Congress approved June 33,
1938, as amended snd supplemented (&
Btat. 1571; 50 Btat. 877, and 63 Biat.
#38; 33 U. 8. C: 101¢; 76lc-1), the fale
lowing regulations are hereby prescribed
to govern the maintenance and operi-
tion of figod control works:

§ 208.10 Local Aocod protection works;
maintenance and operation of structures
and facilittes—(a} General. (1) Tha
structures and facliities constructed by
the United States for local flood protec-
tion shal! be continuously malntained in
such a manner and operated st such
times and for such periods as may ba
necessary to abtein the maximumn
benefita.

(3) The Mate political subdivision
thereof, or other responaible local
agency, which furnished sssurance that
it wili maintain and operate ood ccn.
trol worka in accordance with regulas
tions prescribed by the Secratary of War,
AS required by law, ahall appoint & per-
mansnt committes conalsting of of
hesded by an official hereinafter called
the “Superintendent,” who shall be re-
sponaibls for the development and main-
tenance of, ang directly In charge of, ad
organization responsible for the acient
operation and maintenance of all of the
structures and facilities during flood
periods and for conilnuous inapection
and maintansnce of the project works
during periods of low water. all without
cost to the United Btatas.

{(3) A rsserve supply of materials
needed dusing s food emergency shall
be keapt on hand at all times,

(4¢) No encroachment or u-um'

which will adversely affect the efficient
operation or maintenance of the project
works shall ba permitted upon the rights-
of-way for the protective facilicies,

(8) No improvement shall be passed
over, under, or through the walla, levess,
improved channels or fScodways, nor
shall any cxcavation or construction be
permitted withun the limits of the proj-
ect right-of-way, nor shall any change
be made !n any festure of the works
without prior determuaation by the Dis-
trict Engineer of the War Department
or his suthorised representative that
such improvement, excavation, construc-
tion, or alieration wil) not adversely af-
fect the functioning of the protective
{acilities. Such improvements or alter-
ationa a3 may be found to be desirable
and permiasible undec the above de-
termination shall be constructed In age
cordance with standard engineering
peactice, Advice regarding the effect of
proposed improvements or sajterations
on the functioning of the praject and in-
formation concerning methods of con-
struction acceptable under standard en-
gineenng practice shall be obtained trom
the Dutrict Engineer or, if otherwise
obtained, shall be submitted for his ap-
proval. Drawings or prints showing
such improvements or alterations as

ally constructed shall be furnished the
Dm.;lct Engineer after compietion of the
worx.

“ that the above

(8} It ahail be the duty of the super-
intsndent to submit a semisanual report
to the Diatrict Engineer covering inspec-
tion, maintenance, snd operation of tha
protective works.

(T} Tha Duatrict Enginesr of his su-
thorised reprasentatives shall have aec-
cend &t all titnes 10 all portions of the pro-
tective works,

(8) Maintenance measureh or repairs
which the Distriet Enginesr desma nec-
essery ahall be promptly taken or made.

(¥ Appropriste mémaures shall be
tahen by locsd authoritiss o insurs that
tha sciivities of all loeal organimations
opersting public or privats Iscilites con-
nacted with the protactive works are co-
ordinated with those of ths Buperintend-
ent's organisation during flood periods.

{18) The WarOepartmens will furnish
locsl interests with an Operstion and
Maintanancs Manuaj for each completad
project, or separate useiul part thereof,
to assist them in carrying out their ob-
ligations under these regulations.

{0) Lewets—(1) Maintananes. The
Supserintendent thall provide at all Umes
aueh maintenance as may be required to
inaure serviceabllity of the structures in
titne of flood. Measures shall be taken
to promots the growth of sod, sxtermi-
nate burrowing animsls, and to provide
for routine mowing of the grass and
weeds, removal of wild growth and drift
depoaits, and repair of damage caused by
erosion or other forces. Where prace
ticable, medsures shall be taken to retard
bank srosion by plaating of willows or
other suitable growth On areas riverward
of the lavess. Periodic inspections shall
be mads by the Buperintendent to lnsure
mainienance measures
are being eflectively cerried out and,
further, 10 be certain that:

1y No unusual settlement, soughing,
or materinl joss of grude or leves crom
section has taken place.

{11) No caving has octurred oo either
the land side or the river side of the levee
which might affect the stability of the
leves section:

(ill) No seepage, satursted aress, of
sand boils are occurring;

(iv} Toe drainsge systems and nrese
sure relief wells are In good working can.
dition, and that sueh {acuuties are not
becoming clogged;

(v) Drains through the lavess and
gates on said drafi are In good working
condition:

(vi) No revetment work or riprap has
besn displaced, washed out, or removed;

{vil) No action is being taken, such
a8 burning grass and weods during in-
appropriate sessons, which will retard
ar destroy the growth of sod:

(vill) Access roads to and on the laves
are being properly miaintained:

(Ix} Cattle guards and gates are In
good condition;

(x) Crown of levee is shaped so a8 to
drain readily. and roadway thereon, if
any, is well shaped and maintatned;

(xt) There i3 no unauthorised grasng
or vehicular traffic on the levees;

(xil) Bncroachments are not being
mada on the levee right-of-way which
might endanger the structure or hinder
its proger and efcient functioning dur-
in times of emergency.

Such inspections shall be made im-
mediataly prior to the beginning of the
fiood season ; immediately following each
major high water pericd, and otherwise
&t intervals not exceeding 90 days, snd
such intermediate times as may be neces-
sary to insure the best passible care of

ths leves, Immediate steps will be Lasen
to rorrect dangercus conditions discicseu
by such inspections. Regular mainte-
-BAnce repair measures shall be accom.
plished during the appropriste season
a3 scheduled by the Superintendent

(2} Operation. During flood periods
the levae shall be patrolled continuously
to locate posaibie sand bolls or unusual
wetness of the landward slope and to be
cartain that:

(1) There are no indicaticns of slides
or sloughs developing;

(11} Wave wash or scouring sction s
fiot qecurring:

(1) No low reaches of levee exist
which may be overtopped;

(iv) No other conditions exist which
might endanger the structure.

Appropriste advance measures will be
taken to inaure the availablity of ade-
quats labor and materials to meet all
contingencias. Immediate steps will be
taken to control any condition which
andangers the lavee and to repalr the
damaged section.

{e) Flood walls.—(1) Maintenance.
Periodic inapections ahall be made by the
Auperintendent to be certain that:

(1) No seepage, saturated areas, or
sand botls are occurring:

(1) No undue settlement has occurred
which affecta the stability of the wall or
1ts water tightness:

(1}1) No tress exiat, the rocts of which
might extend under the wall and offer
accelerated ssepage paths;

(lv) The concrete has not undergone
eracking, chipping, or breaking to an
extent which might affect the atability
of the wail ot its water tightnem;

(v) There are 20 edcroachmants upon
the right-of-way which might endangsr
the structure or hinder its functlioning
in tims of flood;

(vl} Care is being axarcised to pre-
vent accumulation of trash aod debris
ndiscant to walls, and to insure that no
firss are being bullt near them;

(vti) No bank caving conditions exist
rivarward of the wall which might en-
danger its stability;

(vlll) Toe drainage systama and pres-
sure reliat walls are In good working con-
dition, and that such facilities are not
becoming clogged.

Such inspections shall be made 1mme-
diately prior 4o the beginaing of the flood
senson, immiediately following esch ma-
jor Righ water period, and otherwiss at
intervals not exceeding 90 days. Meas-
ures to eliminate encroachments and ef-
fect repairs found necessary by such in-
spectiona shall be undertaken immedi-
ately. All repairs ahalt be sccomplished
by methods acceptable in stapdard en-
ginecring practice.

(1) Operation. Continuous patrol of
the wall shall be maintained during fiood
periods to locate pomibie leakage st mon-
olith jointa or seepage underneath the
wall. Moating plant or boats will not be
allowed o le against or tie up to the
wall, 8hould it become gecessary duzing
» Bood smergency to psss anchor cables
over the wall, adequate messures shall
be taken to protect Lhe concrete and con-
atruction joints. Immediate steps shall
be taken to correct any condition which
endangers the stabllity of the wall

(¢) Drainage structures-{(1) Manl. -
nance. Adequate measures ahall be taken
{0 insure that inlet and outlet channels
are Eept open and that trazh drift, o
debris is not allowed to acoumulate nes.
drainage atructures. Map gates and
manually operated gates and valvea on



drainsie structures shall be examined.
otled, and trial cperated st least once
every 90 days. Where drainage struc-
tures are provided with stop lug or other
emergency closures, the condition of the
equipment and (ts housing shail be in-
spected regularly and a trial installation
of the emergency closure shall he mads
at Jeast once each year. Periodic tnspee-
tions shall be made by the Superintend-
ent to be certain that

(1} Pipes. gates. operating mechanism,
riprap, and headwalls are o good cons
dition,

1) Inlet and outlet channeis are opeg;

{ii1) Care is being exercised to prevent
the accumulation of .trash ancd debris
niear the structures and that no fires afe
being butlt near bituminous coated pipes,

(iv} Eroston is not occurring adiscent
to the structure which might endanger
{ta water tightness or stability.

Immediate asteps will be iaken to re-
pair damage, replace missing or broken
parts. or remedy adverse conditions dis-
closed by such inspections.

t2+ Operation. Whenever high water
conditions Impend. all gates will be In-
spectad a short time before water reaches
the Invert of the pipe and any object
whick might prevent closure of the gate
shall be removed. Automatic gates shall
be closely observed until it has heen as~
certained that they are securely closed.
Manually operated gates and valves shall
be closed as necessary to prevent infiow
of ficod water. All drainage structures
tn levees shall be igspected frequently
during floocds to ascertaln whether seepe
age i3 taking place slong the unes of
their contact with the embankment.
Immediate steps shall be taken to cor-
rect any adverse condition.

te) Closure structures—=il) Mainte«
nance. Closure structures for traffic
openings shall be inspected by the-super-
intendent every 90 days to be rertsin
that: :

(1) No parts are miasing:

(11} Metal parts are sdequately cov-
ered with paint;

il) All movable parts sre in satis-
factory working order,

(iv) Proper closure can be made
promptly when necessary;

(v) Sufficient msatertals are on hand
for the erection of sand bag closures and
that the location of such materials will
be -eadily sccessible In times of emer-
gency.

Tools and parts shall not be removed
for other use. ‘Trial erections of one or
more closure structures shall be made
ance each year. alternstiig the struc-~
tures chosen so that esou gate will be
erected at lemst once In each 3-year pe-
riod. Trisl erection of all cltosure struc-
tures shall be made whenever a change is
made In: key operating personnel. Where
ralirosd operation: makes trial erection of
s closure structure infeasible, rigorous
{napection and drill of operating per-
sotinel may be substttuted therefor,

. Trial erection of sand bag closures !s not
required. Closure materials will be cate-
fully checked prior to and following
flood perjods, and damaged or missing
parts shall be repalred or replaced im-
mediately.

(1) Operation. Erection of exsch mov-
able closure shall be started In sufficient
time to permit completion before floed
waters reach the top of the structure
sill. Informatlon regard:ng the proper
method of erecting each individual clos-
ure structure, together with sn estimate
of the time required by mn experienced
CTEW L0 complete (s erecticon w ' he glven

in the Operation and Maintenance Man-
ual whigh will be furnished local interesta
upon completion of the project. Closure
structures will be inspected frequently
during Sood periods to ascertain that no
undue leakage s occurring and that
draing provided to care for ordinary leak-
age are functioning properly. Boats of
floating plant shail not be allowed to tie
up to closure structures or to discharge
PRAIENEErs OF Cargc over them.

(fy Pumping plonts-a(1) Mainte-
nance. Pumping placts shall be inspected
by the Superintendent at Intervals not
to exceed 30 days during flcod aesaona
and 90 days during off-flood seasons to
insure that ail equipment 18 In order for
‘instant use. At regulat intervals, proper
measures shail be taken (o provide for
cieaning plant, buildings, and equipment,
repainting as necessary, and lubricating
all machinery Adeguate supplies of
lubricants for all types of machines, fusl
for gasoline or diesel powered equipment,
and Muah lighta or lanterns for emergency
lighting shall be kent on hand at all
times. Telephone service shall be main.
tained at pumping planis. Al equip.
ment, including awitch gear, transform-
ers, motors. pumps, Yalves. and gates
shall be triai operated and checked at
least once every 50 days. Megger tests
of all {nsulation shall be made whenever
wiring has been subjected to undue damp-
ness and otherwise at intervals not to
exceed one year. A record shall be kapt
shtowing the results of such tests, Wir-
ing disclosed to be in an unsatisfactory
condition by such teats shall be brought
to s satisfactory cendition or shall be
promptly reptaced Diesel snd gasoline
engines shall be started at such inter-
vais and sllowed to run for such iength
of time a8 may be necessary to losure
their serviceability in times of emer-
gency. Only skilled electricians and me-
chanics shali be employed on tests and
repatls. Operating personnel for the
plant aball be present during tests. Any
equipment removed from the atstion tor
repair or repiacement shall be returned
or replaced as soon ss practicabis and
shall be trial operated after reinstal-
iation. Repairs requiring removal of
equipment from the plant shall be made
during off-flood seasons insofar as prac-
ticable. :

(2) Operation. Competent operators
shall be on duty at pumping piants when-
ever it appears that necessity for pump
operation is imminent. The operstor
shall thoroughly inspect. trisl operate,
and place ln resdiness all plant equip-
ment. The operator shall be familiar
with the equipment msnufacturers’ in-
structions and drawings aod with the
"Qperating Instructions” for each sta-
tion. The equipment shall be operated
in accordance with the above-mentioned
“Operating Instructions” and care shall
be exercised that proper lubrication is
being supplied all equipment, and that no
overhesating, undue vibration or ncise 1a
occurring, Immediately upon finai re-
cedsion of flood waters, the pumping ata-
tion sball be thoroughly cleaned. pump
houss sumps fushed. and equipment

-thoroughly inspected. olled and gressed.

A record or log of pumping plant operas
tiol shall be kept for each station. & copy
of which shsll be furaished the District
Engineer following each flood.

.{@g) Channels and foodways «= (1)
Mgintenance. Periodic inspections of
improved channels and flsodways shall
be made by the Superintendent to be

. certaln that!

iy e chanr e’ or foodwe- L 2 eat 2
debris, weeds, 76 wild €Wl

(1) The channel or floodway s not
being restricted by the depositing of
waits maderials, building of unauthor-
Ised structures or other encroschments:

(1) The capacity of the channel or
Boodway is ant being reduced by the
formation of shoals;

(iv} Banks sre not beicg damaged by
rain or wave wash, and that ne sleugh-
img of banks has occurred;

{v} Riprap sections and deflection
dikes and walls sre In good condition;

(vi} Approach and egress chanoeis
adiscent to the improved channel or
floodway are sufficiently clear of obhatruc-
tions and debris to permit proper func-
tioning of the project works.

- Buch inspéctions ahall be made prior to
the beginning of ths flood sesson and
othervise at intervals not to exceed 90
days. Immediate stops will be taken to
remedy any adverse conditions dusciossd
by such inspections. Messures will be
taken by the Superintendent t¢ promote
the growth of grasse on bank slopes and
earth deflection dikes. The Buperin-
tandent shall provide for periodic repair
and cleaning of debris basina, check
dama, and related structures as may be
DECESIATY.

(2) Operation. Both banka of the
channel shail be patrolled during periods
of high water, and messures shail be
taken to protect those reaches being at-
tacked by the current or by wave wash.
Appropriate measures shall be taken to
preven. the formation of jems of ice or
debris. Large objects which become
lodged against the bank shall be re-
moved. The improved channel or flood-
way shall be thoroughly inspected imme-
diately following each major high water
period. As soon as practicable there-
after, all snags and other debris shall be
removed and all damage to banks, riprap,
deflection dikes and walls, drainage out-

. lets, or otber flood control structutes

repaired.
(h) Miscellanecus facilities — (1)
Maintenance. AMiscellanecus structures

and facilities constructed az a part of
the protective works and other structures
and tacilities which function as & part
of, or affect the efficient functioning of
the protective works, shall be periodically
{nspected by the Superintandent and ap-
propriste maintengnce measures taken.
Damaged or unserviceable parts ahall be
repaired or replaced without delay.
Areas used for ponding in connection
with pumping plants or for temporasy
storage of Interior run-off during flood
periods shall not be aliowed to become
filled- with alit, datiris, or dumped ma-
tertal. 'The Superintendent shall take
proper stepa t¢ prevent restriction of
bridge openings and, where practicable,
shall pravida for temporary raising dur-
ing floods of bridges which restrict chan-
nel capacittes during high flows.

{23} Operation. Miscellaneous faciii-
ties shall be operated to prevent or re-
duce fooding during pericds of high
water. Thase fxcilities constructed as
s part of the protective works ahall not
be used for purposes other than flood pro-
tection without approval of the District
Fngineer unlesa desigped thersfor. (49
atat. 1571, 30 tat. 577; and 65 Biat. 638;
33 U.B.C. T0ic; T0ic-1: (Regs. # Aunut
1944, CX BPFEWPF)

{seaL] J. A, OLI0,
Major Generas,

The Adfutant General.

tP. B Doc 44—-12288; Piisd, Auguns 0. 144
W A TLE
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AGREEMENT -BETWEEN
THE UNITED STATES OF AMERICA
AND
THE STATE OF NEW HAMPSHIRE
FOR LOCAL COCOPERATION AT
THE BEAVER BROOK FLOOD DAMAGE REDUCTICON PROJECT
KEENE, NEW HAMPSHIRE

THIS AGREEMENT entered into this 27th day of Auqust

1985 by and between the UNITED STATES OF AMERICA (hereinafter
called the "Government"), represented by the Contracting
Officer executing this Agreement, and the STATE OF NEW
HAMPSHIRE (hereinafter called the "State"), acting by and
through the Water Resources Board, with the approval of the
Governor and Council, WITNESSETH THAT:

WHEREAS, construction of the Beaver Broock Flood Damage
Reduction Project in Keene, New Hampshire (hereinafter
called the "Project®™) was approved by the Chief of Engineers
on 21 June 1985, under authority granted by Section 205 of
the 1948 Flood Control Act, as amended, and Section 61 of the
Water Resources Development Act of 1974, Public Law 93-251,
33 U.8.C.A.701s approved 7 March 1974; and

WHEREAS, the State hereby represents that it has the
authority and capability to furnish the non-Federal cooper-
ation required by the Federal legislation authorizing tﬁe

Project and by other applicable law.



NOW, THDRIDFORE, the narties agrae as follows:

i. The 3tate agrees %tdxat, if the Sovernment shall
commence congtruction of the Heaver drcok Tlood Danage
Reduction Project in Xeene, ‘iaw Hampshire, auﬁstantially
in accordance with the apnroval of tae Chief of Zngineers
under section 205 of thne 1348 Plood Control Act, as amanded
and 3ection 61 of the Water lesources Davelopnent act of
1375, 2ublic Law 93-251, thae State 3hall in consideration of
the Jovernment commancing consideration of such Project,
fulf£ill the resmuiremants of-non-Federal cooperation apecified
in auen lagiglation, to wit:s

2, Provide ail land, easenents, rights-of-way,
acility and hichway relocations and alterations necessary {or
nroject construétion. l2al 2atate cost-are currently
estimatad to “e 31%53,000.00. Ttility relocations are
currantly =sstimated at 359,070,493,

. (fold and navea tha United States free from
damages Jue to the construction, 2ueration and maintenance
of the rrojact except where sugh damages are due to the

fault of the nited States or its contractors,

Ind



¢. Haintain and operate the »roject afrer

compliation without cost o the United 3tates in accordance
with regulations prescriged bHv the Secretary of tha Army.
This subparagraph shall be construed to apply to all asvects
nf the project including lands acquired within the flood
plain which must be maintained in a maaner that prevents
future encrecachment which might interfera with prower flood
plain wmanagenment and the functioning of the project for flood

~ontrol.

3. Aszume full responsibility Zor all project costs
in excess oI the Federal statutory limitation of 34,060,400
waleh includes costs of all investigations, planning,
sn¢gineering, supervision, inspe;tion and administration
involved in davelopment and project implementation. Total
Sovernment partlcipation including inveatigations and plann-
ing costs 13 estimatad to equal $1,582,000. All costs shall
e computed on the basis of actual costs at the completion
of the nroject and not on the bagis of estimates contained in
the report.

e, Comply with ths requiremants of non-¥Federal
cooperation aspecified in Sectiona 219 ﬁnd 305 of Public Law
91-646, approved 2 January 1971 entitled the "Unifora
Ralocation Assistance and Real Propetrty Acguisition Policies

Act of 127407,



f. Comply with Section €01 Title VI of the Civil
righta Act of 1964 (Public Law 88-352) to the end that no
person =hall be axcluded from participation in, denied the
henefits of or gsubjected to discrimination in connection with
the project on the grounds of race, cread, or national
oriqin,

gq. Twice yearly inform residents and property
owners within the Beaver Brook Fflood-plain of the limitations
of the flood control improvements and alert them to the
continued threat of major flooding along the Brook.

2. The State hgreby gives the Governument a right to
anter, at reasonable times and in a reasonable manner, upon
land which it ownse or controls, for access to the project for
the purposgse of inspectipn. If inspection shows that the
State for any reason is failing to operate, repair, manage or
maintain the prnject in accordance with the assurances here-
ander and has pergisted in such failure after a reascnable
notice 1n writing by the Governmant dalivared to the 3tata of
vew Jamoshire, the Goveravent navy anter upon said lands o
onerate, repalir, manage or maintain the oroject and LIill the
State for coats incurrad. #No operation, repair, sanagement
or maintenance hy the Governmeﬁt in sucn event shall raliesve
the State of responsiitility to meet its ocoligation as set
forth in paragrapnh 1 of this agreement, of to praclude the

Covernmant from pursuing any othar ramady at law or aguity.



IN WITNESS WHEREOF, the parties hereto have executed

this contract as of the day and year first above written.

THE UNITED STATES OF AMERICA THE STATE OF NEW HAMPSHIRE

s T sro Moo

CARL B. SCIPLE
. Q
Colonel, Corps of Engineers ‘ yy ,b[

Division Engineer ‘ .-‘
Contracting Officer ﬁL& s,
3 A
Dates Z?’Aﬁ ¥+ /II//LA-
o y /

ZRPROVED:

‘Governor




CERTIFICATE OF AUTHORITY

///ijﬁgl (iij—w éﬁ%&ék/ do hereby certify that I
PN

am.;heﬁxttorney General of the State and that the Water
Resources Board is a legally constituted public body with
full authority and legal capacity to perform the terms of
the agreement betwaen the United States of America and the
Stata of New Hampshire in connection with the Local
Cooperation Agreement for the Beaver Brook Flood Damage
Reduction Project in Keene, New Hampshire, and to pay
damages, if necessary, in the evenﬁ of the failure to perform
in accordance with Section 221 of Public Law 91-611 and that
the pérsons who have executed the contract on behalf of the
State of New Hampshire have acted within their statutory
author;ty.

IN WITNESS WHEREOP, I have made and executed this £§>

certificate this,zgzggé day of 54222f%"’9/ 198‘716;%S

Jed &

<,¢ 7Z:-y Attorney General of the
State of New Hampshire




CERTIFICATION

STATE OF NEW HAMPSHIRE

SECRETARY OF STATE

I hereby certify that at the date of the attestation

hereunto annexed Delbert F. Downing , Fred W. King ,

Peter B. Hance Henry Therriault and John 8yrne

r L

who signed this Agreement on behalf of the State of New
Hampshire, were then and there the duly appointed directors
of the Water Resources Board, that said Agreement was duly
signed for an on behalf of the State of New Hampshire as
directors of the Water Resources Board, and is within the
scope of their statutory powers.

IN WITNESS WHEREOF, I have hereunto affixed my hand and

seal of the State of New Hampshire.

Secretary of State

{SEAL)
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LOCAL FLOOD PROTECTION PROJECT INSPECTION REPORT

Project:
Maintaining Agency:
Type Inspection: Semi-Annual Staff 90 Day Interim
River Basin: Date of Inspection

featurs $at lllmf Beficiencies

PUMPING STATIONS - STRUCTURES

INTERIOR

EXTERIOR

PUMPS - MOTORS - ENGINES

TRIAL OPERATED

GENERAL CONDITION

POWER SOURCE

INSULATION TESTS

METAL INTAKES/OUTLETS

GATE VALVES

GATES - DRAINAGE STRUCTURES

TRIAL OPERATED

GENERAL CONDITION

LUBRICATION

GENERAL CONDITION

SLOPES/EROSION

SAND BOILS/CAVING

TRESPASSING

SLOPE PROTECTION

DRAINS

STOP-LOGS - LOG BOOM

CONDITION OF LOGS

AVAILABILITY OF LOGS

HIGHWAY SLOTS

STORAGE FACILITIES

CHANNELS - OUTLET WORKS CHANNEL

BANKS

OBSTRUCTION CONTROL

NED i 66 513



Beficinncies

CONCRETE STRUCTURES

SURFACE
SETTLEMENT
JOINTS
DRAINS

MISCELLANEOUS

EMERGENCY OPER. PLAN
EMERGENCY EQUIPMENT
SEMI-ANNUAL REPORT

- I 1

—

Iinspection Party:

Photographs Taken:

Remarks & Additional Comments:

( Indicate Here Observations, Discussions, Specific Peature
Deficiencies, Recommendations and any other pertinent information.
Use Continuation Sheet if necessary.)

X ALL APPLICABLE !TE“S. IF UNSAT INDICATE SPECIFIC DEFICIENCIES. INDICATE IF NOT APPLICABLE.
DATE . INSPECTED BY: TYPED NAME & TITLE SIGNATURE

N o —



DESIONATION OF SUPERINTENDENT

Name 0Qf Project:

Location:

MAINTAINING MUNICIPAL AGENCY:

Agencys
Addresss Tal. No.

“SUPERINTENTENT® = as required by Section 208.10 (s) (2), Chep II,
Title 33 USC _

Name & Title:
Employed by:
Business Address:
Business Tel, No:

Nights, Sundays, Addresss
Nights, Sundays, Tel. Nos

Remarks:

Signed
Title:

Date:

MCTE: To be subtmitted sand updated ss necessary by the responsible
sgency which will maintain and cperate the works in accord-
ance with regulations prescribed by the Secretary of the
Army as required by law (Title 33, Chsp. 208, Sec II, USC).
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APPENDIX D

STANDARD OPERATING PROCEDURES
DURING FLOOD PERIODS

I. SCOPE

This appendix describes general details for the operation of flood control features of the
Beaver Brook, Keene, New Hampshlre Local Protection Project (LPP) prior to and during
flood periods.

II. RESPONSIBILITIES

The City of Keene is responsible for the operation and maintenance of the entire flood
protection works. Although the project was designed with a minimum operational
requirement the following climatological and hydrological data is provided to assist City
officials in determining factors that influence flood conditions along Beaver Brook.

1. Climatology

a) General. A brief description of the climatology and recent flood history of Keene
(Ashuelot River Basin) is included as background information for the project
superintendent and others concerned with the operation of the facility. It is intended that
this information will allow 0perat1ng personnel to become more aware of the weather and
runoff conditions that result in flooding at Keene.

The Beaver Brook watershed has a variable climate characterized by frequent but
generally short periods of heavy precipitation. Some intense rainfalls are produced by
local thunderstorms and others by larger weather systems of tropical or extratropical origin
moving up the eastern coast. The watershed also lies in the path of prevailing westerlies
which traverse the country in an easterly or northeasterly direction producing frequent
weather changes. Winters are moderately severe, with subzero temperatures rather
common. Spring melting of the winter snow cover generally occurs in late March or April.

b) Temperatures. The mean annual temperature at Keene, New Hampshire is
approximately 46 degrees Fahrenheit (F), with the average monthly temperatures varying
from about 70 degrees F in July to near 20 degrees F in January. Extremes in temperature
range from highs slightly in excess of 100 degrees F to lows in the -30 degrees F. Table D-1
summarizes mean, maximum and minimum monthly temperatures recorded at Keene,
New Hampshire, for 94 years of record through 1980.

¢) Precipitation. The mean annual precipitation at Keene is 38.9 inches, with the greatest
annual precipitation of 52.7 inches recorded in 1975 and the least was 27.1 inches recorded

in 1894. Table D-2 summarizes the precipitation at Keene for an 89-year period through
1980.



TABLE D-1

MONTHLY TEMPERATURES
KEENE, NEW HAMPSHIRE
(94 Years of Record Through 1980)
(degrees Fahrenheit)
Month Mean Maximum Minimum
January 213 66 -32
February 225 65 -21
March 329 85 -21
April 44.6 91 1
May 56.0 95 21
June 64.7 98 27
July 69.5 104 34
August 67.3 102 27
September 60.0 101 19
October 49.3 90 10
November 377 80 -15
December 255 64 -29
Annual 45.9 104 -32
TABLE D-2
MONTHLY PRECIPITATION
KEENE, NEW HAMPSHIRE
(89 Years of Record Through 1980)
(inches)

Month Mean Maximum Minimum
January 2.96 9.24 0.76
February 2.62 7.02 0.57
March 3.20 7.60 0.40
April 3.15 6.65 0.35
May 3.35 702 0.7%
June 346 7.73 0.41
July 372 - 11.09 1.07
August 3.62 - 896 1.05
September 3.53 10.39 0.20
October 284 - 7.84 0.23
November 3.33 7.67 0.52
December 3.16 8.86 0.51
Annual 38.90 52.72 7.10



d) Snowfall. The mean annual snowfall at Keene is about 64 inches. Table D-3 lists
mean monthly values, based on 88 years of record through 1980.

TABLE D-3

MEAN MONTHLY SNOWFALL
KEENE, NEW HAMPSHIRE

(88 Years of Record Through 1980)

{inches)

Month Snowfall
January 16.4
February 16.3
March 11.4
April 32
QOctober 0.1
November 3.7
December 13.2

Annual 64.3

e) Snow Cover. Snow surveys have been taken in the Ashuelot River watershed since
December 1948. These surveys indicate that the water equivalent of the snow cover reaches
its average maximum of 4.7 inches about mid-March. Some mean, maximum and
minimum water equivalents of snow cover in the Ashuelot basin for the later winter
months are listed in Table D-4.

TABLE D-4
WATER EQUIVALENT OF SNOW COVER

ASHUELOT RIVER WATERSHED
(December 1948-April 1981)

{inches)
Date Minimum Mean Maximum
01 February 0.1 2.9 7.7
15 February 0.0 3.6 8.5
01 March 0.0 4.3 9.6
15 March ’ .0 4.7 94
01 April 0.0 3.3 8.9
15 April 0.0 1.2 6.5



2. Hydrological

a) Streamflow. The U.S. Geological Survey has published records of streamflows at 5
locations in the Ashuelot River watershed; however, there are no gaging stations on Beaver
Brook. The two nearest gages recording runoff from uncontrolled areas are the South
Branch Ashuelot River at Webb, New Hampshire (D.A. 36 square miles) and the Ashuelot
River near Gilsum, New Hampshire (D.A. 71.1 square miles). After analyzing the physical
characteristics of the drainage areas above these two gages, it was determined that the
runoff character of he South Branch Ashuelot was probably most similar to that of Beaver
Brook. Mean, maximum and minimum runoff values in cfs and inches for 58 years of
record at South Branch are listed in Table D-5. The mean annual runoff is about 58 percent
of the mean annual precipitation.

TABLE D-5

MONTHLY RUNOFF
SOUTH BRANCH ASHUELOT RIVER AT WEBB, NEW HAMPSHIRE
(D.A. = 36 square miles)
(58 Years of Record Through 1978)

Average Maximum Minimum
Month CES Inches CFS Inches CFS  Inches
January 56.6 1.81 161 5.16 6.4 0.20
February . 49.8 1.45 153 4.60 93 0.27
March 112.0 3.58 366 11.73 23.1 - 0.74
April 174.0 5.39 356 11.05 644 1.99
May - 81.1 2.60 186 5.97 26.6 0.85
June 44.1 1.37 151 4.69 7.0 0.22
July 23.0 0.73 102 3.25 - 3.0 0.09
August 17.0 0.54 131 4.21 27 0.09
September  22.1 0.69 252 7.81 2.6 0.08
October 25.9 0.83 133 4.26 29 0.09
November 524 1.62 244 7.55 3.7 0.11
December  59.9 1.92° 178 5.70 9.5 0.30
Annual 59.7 22.50 105 39.9 17.3 6.50

b) History of Floods. Flooding on Beaver Brook has been a recurring problem since the
earliest imes. Some of the more damaging floods in this century occurred in November
1927, April 1934, March 1936, September 1938, November 1950, October 1959, April 1960
and December 1973. The greatest flood occurred in September 1938.



The September 1938 storm was the result of a stationary cold front along the Atlantic
coast overrun by a rapidly moving tropical hurricane, producing record breaking rainfall
over large areas of Connecticut, Massachusetts, and New Hampshire. The storm which
started with light rain, gradually increased in intensity over the 4-day period (17-21
September). The total rainfall was over 10 inches in the Keene area with a resulting runoff
in the area of about 6 inches.

The October 1959 flood was the result of about 4 inches of rain in 24 hours, with 1.5
inches occurring in one hour in the Keene area, and producing high rates of runoff
particularly on smaller tributary streams such as Beaver Brook.

The November 1927 event resulted from 4 to 6 inches of rainfall on ground saturated
from excessive rains during the previous month. The April 1934 flood was produced by a
combination of heavy rains and considerable snowmelt. The March 1936 event resulted
from two major rainstorms totaling 6 inches, combined with heavy snowmelt, causing two
major rises in river stages about six days apart. The November 1950 flood resulted from 3
to 4 inches of intense rainfall on previously wet ground. The April 1960 event occurred
when 3 to 4 inches of rain fell on snow with a high water content. The December 1973
flood was the result of over 3 inches of rainfall on snow covered ground.

¢) Flood Frequencies. Peak discharge frequencies for ungaged Beaver Brook were
developed utilizing the 58-years of South Branch flow records and computed Beaver Brook
flows for selected floods. Flows on Beaver Brook were based on high watermark
information and developed stage-discharge relations plus recorded runoff rates from other
watersheds in the region. Table D-6 provides information relative to estimated
discharge-frequencies for Beaver Brook. Annual peak discharges for the 58-year per1od of
record on the South Branch plus selected Beaver Brook discharges are listed in
Table D-7. ‘

TABLE D-6
FREQUENCY OF FLOODING
Frequency Discharge
(vears) (cfs)

5 620
10 900
20 1,000
50 1,850
100 2450



TABLE D-7

ANNUAL PEAK DISCHARGES

Year South Branch Ashuelot Beaver Brook Year South Branch Ashuelot Beaver Brook
at Webb, NH at Kesane, NH at Webb, NH at Keene, NH
(D.A. = 36.0 sq. mi.) {D.A. = 9.0 sq. mi.)
(cfs) (cts)
1921 1560 19851 2010
1922 1160 1952 822
1923 1400 1953 875
1924 1220 1954 806
1925 1680 1955 511
1926 " 630 1956 1700
1927 575 1957 475
1928 3560 1958 766
1929 1010 1959 2070 1100 {Oct. 59
1930 535 1960 4350 600 (Apr. 60)
1931 660 1961 445
1932 - 1180 1962 878
1933 : 879 1963 758
1934 879 1964 5562
1935 619 1965 326
1936 3880 900 (March 1936) 1966 828
1937 628 1867 750
1938 5360 2000 (Sept. 1938) 1968 1260
1939 580 1969 1030
1940 1910 1870 983
1941 ' 370 1871 545
1942 1780 1972 681 . .
1843 476 1973 1210 900 (Dec. 73)
1944 1470 1874 2520 -
1945 725 1975 1870
1946 1020 1976 1110
1947 485 1977 2010
1948 1070 ' 1978 1900

1849 660

Mean Log = 3.0077

Standard Deviation = 0.2732



III. DESCRIPTION OF MAJOR PLAN ELEMENTS

a) General. Hydrologic analyses were made of two structural plans of improvement for
flood damage reduction on Beaver Brook. One plan increased channel capacity by
improving the brook channel and the second reduced floodflows by increasing upstream
flood storage. Neither plan provided standard project flood protection but were geared
more to providing some flood reduction at least for the more frequent flood events.

b) Channel Improvements. Channel improvements were provided for the damage reach
extending from Marlboro to Water Streets, a total distance of approximately 1,750 feet. A
7-foot deep channel with a width varying from 17 to 26 feet was constructed. The
improvements were comparable hydraulically, to an improved channel section already
built at one location in the reach by the Kingsbury Tool Company. Past improvements to
Beaver Brook were generally designed for a flow of about 600 cfs. The improvement would
provide some stage reduction for floods in the 10 to 20 year frequency range but would
provide negligible reduction for the larger but rarer floods. As stated previously, the lower
reach of Beaver Brook is affected by backwater from the Ashuelot "Keene flood plain®; also
the gradient of the brook in this reach is extremely flat.

These two features limited the extent of flood reduction possibilities via channel
improvements. Any type of channel improvement should be continually maintained free
of debris and sediment build-up in order to remain effective.

Three Mile Swamp Storage

a) General. Three Mile Swamp is a natural retention wetland located about 4.5 miles
upstream on Beaver Brook. An analysis was made of the outlet structure of this swamp
with respect to increasing the flood storage effectiveness of this swamp. Such
improvements should not be viewed as a flood control dam and reservoir but simply
structural modifications to increase the effectiveness of the natural flood retention area.

b) Dam Modifications. The existing swamp outlet structure was an old stone masonry
dam with a 220-foot long stone weir at approximately elevation 790 feet NGVD. This weir
resulted in large incremental increases in outflow with relatively small increases in surcharge
storage, thereby minimizing the flood medifying potential of the Three Mile Swamp.

The weir consists of a stepped weir, thus varying delta storage versus delta flow, i.e., "time of
storage”, with changing magnitude of flow. The outlet is a self-regulating structure with a
7-foot width at elevation 787, 40 feet at elevation 792, and 130 feet at elevation 794 feet
NGVD.

c) Earth Dike. In order to obtain flood surcharge storage at Three Mile Swamp, an earth
dike was constructed adjacent to New Hampshire Route 10 which is below the top of dike
elevation for several hundred feet upstream of the otitlet structure. The dike extends 1,100
feet upstream of the outlet structure and has a top width of 12 feet at elevation 799 feet
NGVD. This elevation provides two feet of freeboard over the Standard Project Flood pool
elevation of 797 feet NGVD. The height of dike above the Route 10 road surface varies
from 7 feet at the outlet structure to two feet at its upstream limit. The dike was
constructed of compacted gravel and impervious fill with a layer of stone protection on a
gravel bedding on the wetland side and seeded and topsociled adjacent to Route 10.

7



IV. OPERATIONAL CONSIDERATION

The project features are designed to operate automatically with no action required by
Keene officials during flood periods. The outlet structure at Three Mile Swamp is a
self-regulating spillway with no gateworks that require operation during flood periods.

One exception to the absence of an operational requirement is the earth dike located
adjacent to New Hampshire Route 10 which provides two feet of freeboard against the
stage of a Standard Project Flood (SPF). At the point where the dike alignment intersects
Route 10 the surface elevation of the roadway is two feet lower than the top of dike,
representing an opening in the freeboard range. If freeboard protection was ever required
during a rare SPF flood, the City of Keene would have to temporarily close Route 10 and
sandbag the roadway to maintain control of flood flows.
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APPENDIX E

FLOOD EMERGENCY MEASURES
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